Introduction
Woody debris (WD), including coarse woody debris (CWD) and fine woody debris (FWD), can be an essential structure and functional component of many forest eco systems (Muller & Liu, 1991; McCarthy & Bailey, 1994; Lipan et al., 2008) . WD plays a key role in many aspects of ecosystem functioning (Harmon et al., 1986; Sefi di & Mohadjer, 2010; Zolfaghari, 2005; Sefi di et al., 2013) , both in aquatic systems and terrestrial, including habitat for wildlife and fungi, nursery site for seedling establishment, nutrient cycling and soil stability. The classifi cation of fallen dead woods based on size refl ects a difference in the ecological role of CWD and FWD. As examples, FWD had signifi cantly more species of ascomycetes and basidiomycetes per unit wood volume than CWD in the same forest (Nordén et al., 2004) and FWD experienced decay rates that were twice as rapid as CWD (Müller-Using & Bartsch, 2009 ) and even CWD different sizes can provide a diversity of microsites and different suites of species. In recent decades, forestry shifted towards a more near-to-nature approach to forest management with the aim of developing forest stands that are comparable to natural ones in so far as structure, composition and regeneration processes are concerned (Wolynski, 1998; Dotta & Motta, 2000) . In this perspective, silvicultural practices may be modifi ed with the intent of creating or maintaining an adequate stock of WD and of promoting WD structure similar to that found in unmanaged forests (Siitonen et al., 2000; Ranius & Kindvall, 2004; Behjou & Mollabashi, 2013) .
The classifi cation based on size refl ects a difference in the ecological role of CWD and FWD. As examples, FWD had signifi cantly more species of ascomycetes and basidiomycetes per unit wood volume than CWD in the same forest. Kurbanov & Vorobev (2008) . This study focuses on comparing the amount of WD in recreational and conserved parts of the Fandoghlou forest ecosystem. This forest located in the northwest of Iran. Some of Fandoghlou forest area conserved from manipulations and created unique opportunity to study forest structure in early successional stage. In contrasts presence of rural community and gathering fuel and recreational activities (picnic sites and fi rewood gathering) highly affect vegetation structure in this area. WD amount as feature of forest stand structure changed in this area. This study aimed to detect recreational activities impact on the amount and characteristics of WD in Fandoghlou forests. The aim of this study was to examine the amount and the quality of the WD in recreational and conserved parts in hazel dominated forest sites in Fandoghlou region. Our objectives are: (a) to characterize the amount of WD in the forest, (b) to delineate the WD type and decay class and (c) to analyze the role of recreational activity on the amount and quality of WD.
Material and Methods

Study site
Sa mpling WD was conducted in the Fandoghlou forests, a 120 ha tract of northwestern hardwood (half of it, recreational forest and half of it conserved) located in Ardabil province during spring 2011. Fandoghlou forests with an area around 1000 ha are located on the Northwestern of Iran. The research was conducted on a hazel dominated forest in Fandoghlou in Ardabil, Iran (38° 24' N, 48° 35' E) with the area of 59 ha. The stand was dominated by hazel (Corylus sp.), hornbeam (Carpinus betulus L.) and beech (Fagus orientalis Lipsky). Average annual rainfall is 430 mm, and the average annual temperature is 10 °C. The study site is a recreational forest with an altitudinal range from about 1320 to 1600 m. The Fandoghlou forests have been traditionally exploited in various ways to maximize economic and social benefi ts: recreational use has been combined with other functions such as protection. Recreational uses and conserved have existed side-byside for decades and only in recent decade recreational areas have been separated from conserved forests (Yousefpour et al., 2005) .
We detected 3 separate places in the fi eld for recreational and conserved parts. Forest composition there is typical of the northwestern hardwood type in Iran with mature stand dominated by hazel, beech, maple (Acer velutinum Boiss.) and hornbeam tree species. Two parts were used for this study: under and without recreational activities (Table 1 ). All selected area has same stand structure and composition. The conserved area was protected for around fi fty years. At all sites forests were dominated by hazel, characteristic of approximately 80% of Fandoghlou forests. In each study area plots (10×10 m) and lines (100 m) were selected with systematic random sampling for assessing FWD and CWD, respectively.
Meas urement of the volume and composition of WD
The most widely used methods for sampling FWD and CWD are fi xed plot sampling (Lipan et al., 2008) and the line-intersect method (Warren & Olsen, 1964; Behjou & Mollabashi, 2013) where the diameter of CWD in line intersect sampling is measured at the point of intersection along a transect of a given length but no width. Lengths and diameters were taken at the edge of the plot boundary if the log extended outside of the plot.
Based on the pre-study qualitative assessments of WD properties, 60 transects in conserved part including 60 ha tract and 60 transects in recreational part including 60 ha and 60 transects were set up for WD survey. In each area, a systematic series of sampling points was located in the inventory of WD. At each sampling point, we performed line-intersect sampling (LIS) with a line length of 100 m with random orientation of sample lines. For LIS, we followed slope correction procedure outline by Ståhl et al. (2002) .
Volume of individual pieces per hectare was calculated using the formula (1). ).
In each transect, all species of woody residues with a large-end diameter ≥ 10 cm (CWD) were recorded separately. The length, small-and large-end diameter of all pieces of logs, stumps, and large branches were measured and recorded.
On the hand, tree species, basal diameter, diameter at breast height (DBH) and decay stages were recorded for all the logs standing dead trees (snags) and branches on each transect. Also, FWD was defi ned all WD fragments with a diameter of 2.5-10 cm into it, and a length greater than 10 cm (Lipan et al., 2008) . For FWD investigation, at the end point of each transect a 2×2 m plot was established. For modifi ed decay classifi cation system and class defi nition, a new modifi ed indirect measurement developed by Rouvinen et al. (2002) was used in the fi eld. The main contents are as follows: (1) the dead wood dies within 1-2 years, and the cambium is still fresh when investigation, (2) the cambium begins to compose, and the knife blade penetrates a few millimeters into it, (3) the knife blade penetrates 1-1.5 cm into it, (4) the knife blade penetrates 2-3 cm into it, and (5) the knife blade penetrates all the way.
Statistical analysis
To determine whether the volume of CWD affected by recreational activities independent t-test was used. Normality and homogeneity of variance of the residuals were tested and data were log-transformed if the homogeneity of variance was not met. All statistical tests were considered significant at the p < 0.05 level (Zar, 1999) .
Results
Total amount of WD
Estimates for volume per hectare are given for CWD and FWD in each study area in Tables 2, respectively. The low volume of the total amount of CWD was in recreational part (Table 2 ). The results of independent t-test indicate that the amounts of CWD in conserved (1.24 ± 0 .12) part are signi fi cantly higher than CWD in recreational part (0.62 ± 0.08) (t 4, 0.05 = 4.26, p = 0.013) (Table 3) . Also, the results of independent t-test revealed that the amounts of FWD in conserved part (0.25 ± 0.06) are signifi cantly higher than FWD in recreational part (0.08 ± 0.02), (t 4, 0.05 = 2.69, p = 0.04) (Table 3) . Also, the ratio of CWD: FWD in conserved part of the forest is 5:1, but this ratio in recreational part of the forest is 8:1. 
Species composition of CWD
The amount of species composition of CWD found in two management treatments (conserved and recreational parts) varied. The amount of tree species for CWD composition was the highest in conserved area, more than 5 species including hazel, beech, hornbeam, oak, maple, and other species, also hazel, beech and hornbeam accounted for 84% of the total volume of CWD, in contrast in the mixed hazel stands had the greatest volume of CWD volume, reaching 0.61 m 3 ha -1 , and the next comes 16.91 m 3 ha -1 for beech (Table 4 ). The amount of hazel and beech in CWD composition in recreational part (98%) is higher than the amount of hazel and beech in CWD composition in conserved part (68%) ( Table 4) .
Decay classes distribution of WD
The distribution of CWD in different decay classes varied among the conserved and recreational forests (Table 5 ). In the conserved part, CWD in decay classes 1, 2 accounted for 25% of total CWD volumes, but CWD in decay classes 3, 4, and 5 accounted for 75% of total CWD volumes. In the recreational part, CWD in decay classes 1 and 2 accounted for 100% of total CWD volumes, but not observed any CWD in decay classes 3, 4, and 5 accounted. The volume of CWD in class 1 was significantly higher in recreational area (t 4, 0.05 = 9.36, p = 0.003) (Figure 1 ). 
Discussion and Conclusion
In the present study, line-intersect and fi xed area plot sampling method was applied to estimating the total volume of WD in managed and unmanaged forest stands. Results showed differences in amount of WD in recreational and conserved area. Some researchers have proved that the amounts of CWD in unmanaged forest are higher than managed one (Motta et al., 2006) . In our study, it was obviously different in the amount of WD from recreational forest to conserved forest. Some researchers have found that CWD is more in unmanaged stands compared to managed stands (with logging operation), on the other hand, FWD was found to be less in unmanaged stands compared to managed stands (Sefi di & Mohadjer, 2010 for CWD and FWD, respectively. Three dominant infl uences on CWD volume are stand age, stand management and decomposition rate (Meyer et al., 2003; Christensen et al., 2005) . Forest management histories can have substantial impacts on the production and yield of WD in terrestrial ecosystems (Radtke et al., 2009; Sefi di et al., 2013) . The CWD amount of 1.24 m 3 ha -1
in the conserved stands is lower than that of some studies (Habashi, 1998; Sefi di & Mohadjer, 2010) , the main reason of these high differences is due to that Fandoghlou forest is coppice forest and dimension of forest trees is smaller in comparison to the beech stands in the north of Iran. Also the amount of CWD calculated 0.62 m 3 ha -1 in the recreational stands is lower than that of some studies (Sefi di, 2007) (Table 5) , which can be caused by differences in climate and presence of rural communities near to the Fandoghlou forest. Meanwhile gathering fuel from dead branches in last decades cane be consider as one of main reasons for decrease WD amount in recreational area.
The constant removal of WD for recreational purposes such as firewood caused to reduction of WD in forest ecosystems (Hegetschweiler et al., 2009) . WD collecting for building fires is exclusively FWD (diameter 5-10 cm; Kruys & Jonsson, 1999) and very fine woody debris (diameter < 5 cm; Kueffer & Senn-Irlet, 2005) .
Species composition of CWD is substantially different among the recreational and conserved parts in the region. The CWD composition within the conserved stands comes from different percentage compared to recreational stands. WD species in conserved stands are mainly comprised of more than 5 species including hazel, beech, hornbeam, oak, maple, and other species but WD species in recreational stands are mainly comprised of only one species including hazel and hornbeam (93%). On the other hand, the high decayed component of CWD has increased in conserved stands compared to recreational part (Lipan et al., 2008) .
In conclusion, the amounts of WD were signifi cantly different from conserved to recreational parts of the forest. Our results proved that the residual accumulation of WD from the conserved stands are low, and the current accumulation of higher stocks of WD, need a long time in the recreational parts under recreational activities. Recovering time for WD structure and composition similar to unmanaged stands may exceed several centuries, so it is very important to preserve the current conserved forests (protected forests) and maintain the structural and functional integrity of WD. These results can serve as a basis for further research on WD in the regional scale and may be useful in developing guidelines for Fandoghlou forest management aimed at biodiversity management.
Unfortunately, traditional management methods in Fandoghlou forests include harvesting CWD from the forests (Sefi di & Mohadjer, 2010) , that need to refi ne this false decision. The results of the study suggest that using of standing and fallen materials from recreational parts will lead to a sharp drop in CWD. Reductions in the volume of CWD in forests may have negative consequences for populations of endemic, understory bird species (Yan et al., 2007; Sefi di & Mohadjer, 2010) .
